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(54) PACKAGING METHOD OF SEMICONDUCTOR LASER DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a packaging method of a 
semiconductor laser device, wherein deterioration of laser 
characteristic or damage of a semiconductor laser element due to 
temperature rise and residual stress of the semiconductor laser 
element is restrained. 

SOLUTION: In this packaging method, the semiconductor laser 
element is heated and pressure-welded to a submount, and then 
reheating is reconducted to a temperature higher than or equal to the 
fusing temperature of a bonding member. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semiconductor laser equipment which comes to mount a 

semiconductor laser component, and its mounting approach. 

[0002] 

[Description of the Prior Art] In case a semiconductor laser component is used for systems, such as optical 
communication, an optical disk, laser, and a beam printer, package-ization which suited the application is performed. 
And in this package-izing, although there is a direct continuation method which carries out direct continuation of the 
semiconductor laser component to the predetermined components in a package, for example, a metal block, a circular 
stem, etc., while this approach is simple for the structure created, since the heat dissipation property of a semiconductor 
laser component is bad, temperature will rise, and the life of a semiconductor laser component will fall. Therefore, with 
the semiconductor laser component to which a high increase in power of the recent years was carried out, use of a 
direct continuation method is becoming difficult. 

[0003] On the other hand, in order to cancel such a difficulty, the connection method using submounting from which 

the heat dissipation property which mounts a semiconductor laser component in submounting which consists of Si 

excellent in thermal conductivity and workability or SiC, has the approach of connecting this semiconductor laser 

equipment to a package, and was excellent in recent years is acquired is in use. 

[0004] The mounting approach of conventional semiconductor laser equipment is explained below. 

[0005] Drawing 1 shows the mounting process of semiconductor laser equipment, and, for a semiconductor laser 

component and 2, as for joint material and 4, submounting and 3 are [ 1 / a collet and 5 ] tables. First, as shown in 

drawing 1 R> 1 (a), the submounting 2 is installed on the table 5 for heating, and the submounting 2 is overheated until 

it becomes beyond the temperature which the joint material 3 on the submounting 2 fuses. In the meantime, a collet 4 

holds the semiconductor laser component 1 by vacuum adsorption etc., and moves to up to the helicopter loading site of 

the submounting 2. 

[0006] Next, as shown in this drawing (b), after the joint material 3 fuses, the collet 4 holding the semiconductor laser 
component 1 is dropped, and it cools with the condition of having carried the semiconductor laser component 1 on the 
joint material 3 of the submounting 2. In order to fully secure the plane-of-composition product of the semiconductor 
laser component 1 and the submounting 2 through the joint material 3 in that case, and to make thickness of the joint 
material 3 thin as much as possible and to improve a heat-conducting characteristic, the pressure welding is carried out 
by the collet 4. Next, as shown in this drawing (c), after the joint material 3 solidifies completely, a collet 4 opens 
maintenance of the semiconductor laser component 1 by vacuum adsorption etc. wide, and raises a collet 4. 
[0007] 

[Problem(s) to be Solved by the Invention] Enlargement of the plane-of-composition product of the semiconductor 
laser component 1 and the submounting 2 which minded enlargement of submounting and the joint material 3 in 
connection with the further high increase in power with the connection method using the above-mentioned 
submounting although the high increase in power of a semiconductor laser component became possible was performed. 

[0008] However, the following problems have arisen by enlargement of the submounting 2 accompanying the high 
increase in power of a semiconductor laser component, and enlargement of a plane-of-composition product. 
[0009] As for a body, the volume changes with temperature, and the rate of change (coefficient of thermal expansion) 
changes with matter. Therefore, since there is a temperature gradient after a joint solidifies completely before returning 
to ordinary temperature when heating different matter and joining, the shearing force by the difference of a coefficient 
of thermal expansion occurs in a part for a joint, and residual stress arises on a body according to this shearing force. 
Moreover, this residual stress changes with an objective dimension and configurations, and the residual stress produced 



for the semiconductor laser component 1 according to the reason for explaining below increases, when the 
submounting 2 is enlarged. 

[.0010] Drawing 2 is a conceptual diagram which a difference produces in residual stress by the difference in the 
dimension of the submounting 2, and is a general-view Fig. and a stress generating conceptual diagram when a general- 
view Fig. when this drawing (a-1) and (a-2) the submounting 2 are small and a stress generating conceptual diagram, 
this drawing (b-1), and (b-2) the submounting 2 are large. When the coefficient of thermal expansion of the 
semiconductor laser component 1 is larger, the force works in the direction which makes a plane-of-composition 
product small relatively at the semiconductor laser component 1, and the force works in the direction which is going to 
hold a plane-of-composition product for the submounting 2. 

[001 1] When the submounting 2 of drawing 2 (a-2) is small, the force in which it holds a plane-of-composition product 
is shearing force produced when the submounting 2 under a plane of composition is compressed. The force in which it 
holds a plane-of-composition product in the case where the submounting 2 of drawing 2 (b-2) is large is shearing force 
produced when the submounting 2 around the submounting 2 which the shearing force produced when the 
submounting 2 under a plane of composition is compressed to it, and this shearing force produce is pulled. Since the 
shearing force which in the case of the magnitude with the same semiconductor laser component 1 is produced when 
the submounting 2 is compressed is the same, the force in which only the part of the shearing force which the direction 
when the submounting 2 is large produces by tension tends to hold a plane-of-composition product becomes strong, 
and this shearing force is so strong that the submounting 2 is large. For this reason, the shearing force given to the 
semiconductor laser component 1 becomes strong, so that the submounting 2 is large. Therefore, the residual stress 
produced for the semiconductor laser component 1 increases, when the submounting 2 is enlarged. Moreover, it is also 
the same as when the coefficient of thermal expansion of the semiconductor laser component 1 is smaller. 
[0012] Moreover, if the large plane-of-composition product of the semiconductor laser component 1 and the 
submounting 2 through the joint material 3 is taken in order to improve a heat-conducting characteristic, the residual 
stress of the semiconductor laser component 1 will increase according to the reason for explaining below. If it is cooled 
after different matter has joined, contraction in a plane of composition will take place on the basis of a core. Therefore, 
the difference of the amount of contraction between the matter with which the places more distant from the core differ 
becomes large, consequently shearing force also becomes large. Since the location distant from the core will be joined 
when a plane-of-composition product becomes large, shearing force becomes large more than surface ratio. Therefore, 
the residual stress produced on a body according to this shearing force increases. 

[0013] Furthermore, although the pressure welding is carried out by the collet 4 in order to fully secure the plane-of- 
composition product of the semiconductor laser component 1 and the submounting 2 through the joint material 3, and 
to make thickness of the joint material 3 thin as much as possible and to improve a heat-conducting characteristic Since 
it is joined after stress has generated the semiconductor laser component 1 and the submounting 2 with the pressure 
welding, also after opening the pressure welding of a collet 4 wide, the stress by the pressure welding remains in the 
semiconductor laser component 1. If a touch area becomes large at this time, since the flow resistance of the joint 
material 3 will become large, the force which a pressure welding takes also increases. For this reason, the stress which 
remains in the semiconductor laser component 1 with a pressure welding increases with enlargement of a touch area. 
[0014] Moreover, in order that the semiconductor laser component 1 may improve a heat dissipation property, the 
submounting 2 is joined near the luminescence field. Therefore, a luminescence field exists in the field where residual 
stress is high also in the semiconductor laser component 1. 

[0015] Generally, if the semiconductor laser component 1 carries out current impregnation where a luminescence field 
is joined by the stress of 100 or more MPas, a crystal rearrangement will happen and degradation of a laser property or 
the semiconductor laser component 1 will damage it. A part of luminescence field of this phenomenon will happen, if 
the stress of 100 or more MPas is added. Moreover, the residual stress in a luminescence field is increasing by the high 
increase in power of the semiconductor laser component 1 in recent years. For this reason, degradation of the laser 
property at the time of current impregnation or breakage of the semiconductor laser component 1 has come to take 
place. 

[0016] However, since residual stress had produced the residual stress of the semiconductor laser component 1 locally 
like the above-mentioned explanation according to the factor from which plurality differs and distribution of the stress 
changed with the dimension of the semiconductor laser component 1, the submounting 2, and a collet 4 and a 
configuration, the contact pressure of a collet 4, etc., there was no correlation between macroscopic deformation 
(curvature) and residual stress of the semiconductor laser component 1, and specification of a factor was difficult for it 
to it. 

[0017] This invention is for solving the above technical problems, and it aims at offering the mounting approach of the 
semiconductor laser equipment which controls degradation of the laser property by residual stress, or breakage of a 
semiconductor laser component, controlling the life fall by the temperature rise of a semiconductor laser component. 



[0018] 

[Means for Solving the Problem] In order to attain this purpose the mounting approach of this invention It is the 
mounting approach of the semiconductor laser equipment which holds the semiconductor laser component equipped 
with the light-emitting part in a collet, and carries out heating junction of the semiconductor laser component at 
submounting using joint material. Install submounting on the table for heating, and submounting is heated on the table 
for heating to more than the melting point of joint material. Move to the helicopter loading site of submounting of the 
semiconductor laser component currently held by the collet, and the pressure welding of the semiconductor laser 
component is carried out to submounting by the collet. After joint material solidifies completely and opening a 
semiconductor laser component wide from a collet, it is characterized by heating submounting again to more than the 
melting temperature of joint material on a table. 
[0019] 

[Embodiment of the Invention] Invention of the 1st of this invention installs submounting on the table for heating. 
Submounting is heated on the table for heating to more than the melting point of joint material. Move to the helicopter 
loading site of submounting of the semiconductor laser component currently held by the collet, and the pressure 
welding of the semiconductor laser component is carried out to submounting by the collet. After joint material 
solidifies completely and opening a semiconductor laser component wide from a collet, by heating submounting again 
to more than the melting temperature of joint material on the table for heating Since the residual stress of a 
semiconductor laser component can be decreased fully securing the plane-of-composition product of the semiconductor 
laser component and submounting through joint material, and making thickness of joint material thin as much as 
possible, and improving a heat-conducting characteristic Degradation of a laser property or breakage of a 
semiconductor laser component can be controlled. 

[0020] In a series of mounting approaches in the 1st invention, since invention of the 2nd of this invention can shorten 
mounting time amount by performing two or more 2nd heating to coincidence, it raises productivity and can reduce 
cost. 

[0021] In a series of mounting approaches in the 1st invention, since invention of the 3rd of this invention can be 
overheated by the heating approach which suited each heating condition by performing 1st heating and 2nd heating by 
the different heating approach, it raises productivity and can reduce cost. 

[0022] Invention of the 4th of this invention can heat two or more submountings to coincidence by heating 
submounting in hot blast in a series of mounting approaches in invention of the 2nd or 3, without concentrating near 
[ required ] the joint material of heating originally, and complicating heating or heating apparatus. 
[0023] In a series of mounting approaches in invention of the 2nd or 3, by heating submounting directly by 
energization, invention of the 5th of this invention decreases the generating heating value within mounting equipment, 
and can control breakage by the temperature rise of mounting equipment. 

[0024] Invention of the 6th of this invention can heat two or more submountings to coincidence by heating 
submounting in high frequency in a series of mounting approaches in invention of the 2nd or 3, without complicating 
heating apparatus. 
[0025] 

[Example] Hereafter, the example of this invention is explained with reference to drawing 1 , drawing 3 , and drawing 

4. 

[0026] (Example 1) Drawing 1 is the side elevation having shown the mounting process of semiconductor laser 
equipment. Semiconductor laser equipment is constituted by the joint material 3 which joins the semiconductor laser 
component 1 equipped with the light-emitting part, the submounting 2 in which the semiconductor laser component 1 is 
carried, and the semiconductor laser component 1 and the submounting 2. As shown in drawing 1 (a), first, the 
conventional mounting approach installs the submounting 2 on the table 5 for heating, and it overheats the 
submounting 2 until it becomes beyond the temperature which the joint material 3 on the submounting 2 fuses. In the 
meantime, a collet 4 holds the semiconductor laser component 1 by vacuum adsorption etc., and moves to up to the 
helicopter loading site of the submounting 2. Next, as shown in this drawing (b), after the joint material 3 fuses, the 
collet 4 holding the semiconductor laser component 1 is dropped, and it cools with the condition of having carried the 
semiconductor laser component 1 on the joint material 3 of the submounting 2. In order to fully secure the plane-of- 
composition product of the semiconductor laser component 1 and the submounting 2 through the joint material 3 in that 
case, and to make thickness of the joint material 3 thin as much as possible and to improve a heat-conducting 
characteristic, the pressure welding is carried out by the collet 4. Next, as shown in this drawing (c), after the joint 
material 3 solidified completely, the collet 4 had passed through the process of opening maintenance of the 
semiconductor laser component 1 by vacuum adsorption wide, and raising a collet 4. On the other hand, in this 
example, the submounting 2 in which the semiconductor laser component 1 was mounted after the process of the 
conventional example is again heated to more than the melting temperature of the joint material 3 . 



[0027] Next, the effectiveness of the mounting approach of this example is explained. By the conventional mounting 
approach, since heating junction is carried out, the semiconductor laser component 1 and the submounting 2 are 
temperature gradients after the joint material 3 solidifies completely until it returns to ordinary temperature, and 
residual stress generates them in a part for a joint according to the difference of a coefficient of thermal expansion. 
Moreover, in order to fully secure the plane-of-composition product of the semiconductor laser component 1 and the 
submounting 2 through the joint material 3, and to make thickness of the joint material 3 thin as much as possible and 
to improve a heat-conducting characteristic, the pressure welding is carried out by the collet 4. 

[0028] Therefore, since it is joined after stress has generated the semiconductor laser component 1 and the submounting 
2 with the pressure welding, also after opening the pressure welding of a collet 4 wide, the stress by the pressure 
welding remains in the semiconductor laser component 1. These residual stress is increasing by enlargement of the 
submounting 2 accompanying the high increase in power of the semiconductor laser component 1, and enlargement of 
a touch area. Moreover, in order that the semiconductor laser component 1 may improve a heat dissipation property, the 
submounting 2 is joined near the luminescence field, and the residual stress generated in the semiconductor laser 
component 1 is also concentrated near a plane of composition with the submounting 2. Therefore, as for the 
luminescence field, residual stress is high. 

[0029] Generally, if the semiconductor laser component 1 carries out current impregnation where a luminescence field 
is joined by the stress of 100 or more MPas, a crystal rearrangement will happen and degradation of a laser property or 
the semiconductor laser component 1 will damage it. Although destruction of the semiconductor laser component 1 by 
the crystal rearrangement did not break out with the semiconductor laser component 1 to the former since residual 
stress was small, destruction of the semiconductor laser component 1 by the crystal rearrangement has come to take 
place by the increment in the residual stress accompanying a high increase in power in recent years. 
[0030] On the other hand, in this example, in order to decrease the residual stress of the semiconductor laser component 
1, the submounting 2 in which the semiconductor laser component 1 was mounted after the process of the conventional 
example is again heated to more than the melting temperature of the joint material 3. By fusing the joint material 3 
again, junction in the condition that the stress of the semiconductor laser component 1 leading to residual stress and the 
submounting 2 was inherent is opened wide, and residual stress is removed from the semiconductor laser component 1 
and the submounting 2. 

[0031] Then, if it cools again and the joint material 3 is solidified, the residual stress according [ the semiconductor 
laser component 1 and the submounting 2 ] to the pressure welding of a collet 4 will be joined in the condition of 
having been removed. Moreover, since the plane-of-composition product of the semiconductor laser component 1 and 
the submounting 2 which minded the joint material 3 by carrying out a pressure welding by the collet 4 with the 1st 
heating is fully secured and thickness of the joint material 3 is made thin as much as possible, it is not necessary to 
carry out a pressure welding by the collet 4 with the 2nd heating. As mentioned above, by this example, since the 
residual stress of the semiconductor laser component 1 can be decreased giving the heat dissipation property demanded, 
degradation of a laser property or breakage of a semiconductor laser component can be controlled. 
[0032] In addition, although the submounting 2 is heated on the table 5 for heating in the above-mentioned example, 
the same effectiveness can be acquired even if it is hot blast heating, energization heating, and high-frequency heating. 
[0033] (Example 2) It is the side elevation in which drawing 3's showing the 2nd example of this invention, and this 
drawing's (a's^s showing the 1st heating, and showing [ this ] the 2nd heating (b). About the configuration of 
semiconductor laser equipment, the above-mentioned conventional mounting approach, and the mounting process of 
this example, it is the same as that of the case of an example 1. Differing from the case where this example is an 
example 1 performs 1st heating and 2nd heating with different heating apparatus in this example, although the same 
heating apparatus is performing 1st heating and 2nd heating in the example 1, and two or more 2nd heating is 
performed to coincidence. 

[0034] Next, the effectiveness of the mounting approach of this example is explained using the comparison Fig. of the 
mounting time amount of the example 1 of drawing 4 , and an example 2. About the effectiveness of heating again the 
submounting 2 in which the trouble in the above-mentioned conventional mounting approach and the semiconductor 
laser component 1 were mounted to more than the melting temperature of the joint material 3, it is the same as that of 
the case of an example 1 . 

[0035] Although mounting equipment can be miniaturized in the example 1 since the same heating apparatus is 
performing 1st heating and 2nd heating, it will take mounting time amount by 2 times of heating time. Moreover, since 
a collet 4 does not use it for 2nd heating, productive efficiency is falling. 

[0036] On the other hand, in this example, in order for different heating apparatus to perform 1st heating and 2nd 
heating, mounting equipment will be enlarged, but since a collet 4 can always be worked, decline in productive 
efficiency can be prevented. Consequently, as shown in drawing 4 , as for mounting time amount, the direction of this 
example is shortened, and this abbreviated time becomes large in proportion to the burst size of a semiconductor laser 



component. 

[0037] Moreover, since collet 4 grade does not use in the 2nd heating but semiconductor laser equipment is only 
heated, the direction heated to coincidence can press down a heating heating value, and can control breakage by 
reduction of cost, and the temperature rise of mounting equipment. [ two or more ] 

[0038] In addition, although carried out by the same heating approach as the 1st heating and the 2nd heating in the 
above-mentioned example, the same effectiveness can be acquired even if it carries out by the different heating 
approach. Moreover, it is effective for the 1st heating to be contact mold heating of a heating table etc., and to perform 
2nd heating by non-contact mold heating of hot blast heating etc. for the reason for the following. In the 1st heating, 
since a collet 4 is used for coincidence, it cannot heat in a closed space. 

[0039] Therefore, the heating method of a contact mold can heat efficiently. In the 2nd heating, since heating in a 
closed space is possible, when heating by multilayer arrangement as shown in drawing 2 (b) although there is no great 
difference in the effectiveness in a contact mold and a non-contact mold, equipment is complicated in a contact mold, 
but since the same equipment configuration as the equipment of monolayer arrangement can perform in a non-contact 
mold, equipmentis not complicated. 

[0040] Moreover, it does not pass over the concrete configuration and the structure of each part which were shown in 
the above-mentioned example to what showed a mere example of the somatization which hits carrying out this 
invention, and the technical range of this invention is not restrictively interpreted by these. 
[0041] 

[Effect of the Invention] This invention is carried out with a gestalt which was explained above, and does so 
effectiveness which is indicated below. 

[0042] Install submounting on the table for heating, and submounting is heated on the table for heating to more than the 
melting point of joint material. Move to the helicopter loading site of submounting of the semiconductor laser 
component currently held by the collet, and the pressure welding of the semiconductor laser component is carried out to 
submounting by the collet. After joint material solidifies completely and opening a semiconductor laser component 
wide from a collet, by heating submounting again to more than the melting temperature of joint material on the table 
for heating Since the residual stress of a semiconductor laser component can be decreased fully securing the plane-of- 
composition product of the semiconductor laser component and submounting through joint material, and making 
thickness of joint material thin as much as possible, and improving a heat-conducting characteristic Degradation of a 
laser property or breakage of a semiconductor laser component can be controlled. 

[0043] Moreover, in a series of above-mentioned mounting approaches, since mounting time amount can be shortened 
by performing two or more 2nd heating to coincidence, productivity is raised and cost can be reduced. 
[0044] Moreover, in a series of above-mentioned mounting approaches, since it can overheat by the heating approach 
which suited each heating condition by performing 1st heating and 2nd heating by the different heating approach, 
productivity is raised and cost can be reduced. 

[0045] Moreover, in a series of above-mentioned mounting approaches, two or more submountings can be heated to 
coincidence by heating submounting in hot blast, without concentrating near [ required ] the joint material of heating 
originally, and complicating heating or heating apparatus. 

[0046] Moreover, in a series of above-mentioned mounting approaches, by heating submounting directly by 
energization, the generating heating value within mounting equipment is decreased, and breakage by the temperature 
rise of mounting equipment can be controlled. 

[0047] Moreover, in a series of above-mentioned mounting approaches, two or more submountings can be heated to 
coincidence by heating submounting in high frequency, without complicating heating apparatus. 



[Translation done.] 
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